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ABSTRACT 

/333Y 
Elec t ron  dens i ty  d i s t r i b u t i o n s  a r e  obtained from Alouetlte 

tops ide  soundings recorded a t  S tanford  Universi ty .  Plasma 
scale he ight  p r o f i l e s  a r e  then determined, and from t h e s e  pro- 
f i l e s  information can be  deduced about r e l a t i v e  i o n  concentra- 
t i o n s ,  electron temperature and ion  temperature. Resul t s  a r e  
obtained for d i p  l a t i t u d e s  between 48ON and 78ON,  and a l t i t u d e s  
from 400 km t o  900 km. 

It i s  found t h a t  the l o w e r  l a t i t u d e  night t ime d a t a  can be 
i n t e r p r e t e d  i n  terms of a t h ree -cons t i t uen t  (O', 
d i f f u s i v e  equi l ibr ium model with an  (0') - (He+, 

occur r ing  a t  about 550 k m  i n  t h e  summer and 500 km i n  t h e  win ter .  
The v a r i a t i o n  of t h i s  t r a n s i t i o n  a l t i t u d e  w i t h  l o c a l  t i m e  and 

He ' , H') 
H') t r a n s i t i o n  

wi th  l a t i t u d e  is obtained. It i s  found t h a t  t h e  t r a n s i t i o n  l e v e l  
rises with increas ing  l a t i t u d e ,  r i s i n g  above 900 km a t  about 
62O d i p  l a t i t u d e .  
very quickly a t  l o c a l  sun r i se  and t o  descend quickly a t  l o c a l  
sunse t .  The data suggest  t h a t  t h e  (O+) - (He+, H') t r a n s i t i o n  
is a t  least  as high a s  1000 km during t h e  day. Under these  con- 
d i t i o n s  t h e  daytime s c a l e  he igh t s  a t  a l l  observed l a t i t u d e s  and 

be i n t e r p r e t e d  i n  terms of temperature v a r i a t i o n s  i n  an 0' 

The t r a n s i t i o n  l e v e l  i s  a l s o  observed t o  rise 

the ~ i i g l i t t i ~ ~ e  scale heights a t  d i p  l a t i t u d e s  nor th  of 63 0 can 

ionosphere. 

\ 



Y 

I. INTRODUCTION 

It is  be l ieved  t h a t  the most abundant ions i n  t h e  upper 
ionosphere a r e  O+, He i- , and H'. There i s  l i t t l e  doubt t h a t  
O+ is  t h e  dominant i o n  a t  least  between 200 km and 500 km 
(Johnson, e t  a l . ,  1958, Taylor, e t  a l . ,  1963).  A t  a l t i t u d e s  
above about 1500 km it is  genera l ly  be l ieved  t h a t  
dominant ion.  Recent  measurements of hybrid resonances a t  
1,000 km by Barrington, e t  a l ,  (1964) suggest  comparable r a t i o s  
of H+ t o  0' a t  t h i s  a l t i t u d e .  On t h e  o the r  hand, t h e  re- 
l a t i v e  abundance of 
e s t ab l i shed .  Nicolet (1961) suggested t h a t  n e u t r a l  helium might 
be an important cons t i t uen t  of t h e  upper atmosphere. King, e t  a 1  
(1964) p re sen t  tops ide  sounder  d a t a  recorded a t  Singapore i n  
October 1962 suggest ing a night t ime 
a t  about 600 km. Bowen et  a 1  (1964) show midla t i tude  r e s u l t s  
obtained during t h e  summer of 1962 from t h e  A r i e l  s a t e l l i t e ,  in -  
d i c a t i n g  t h a t ,  a t  night ,  i s  a dominant ion  a t  800 km, with 
0' and H+ also present  i n  s i g n i f i c a n t  q u a n t i t i e s .  

H' i s  t h e  

He+ i n  t h e  ionosphere i s  not  y e t  f u l l y  

O+ - t o  - He + t r a n s i t i o n  

He + 

I n  t h i s  paper w e  consider a detailed a n a l y s i s  of tops ide  
e l e c t r o n  d e n s i t y  p r o f i l e s .  Since the e l e c t r o n  dens i ty  d i s t r i b u -  
t i o n  i n  the  tops ide  ionosphere v a r i e s  a s  a func t ion  both of  re- 
l a t i v e  ion  concentrat ion and t h e  e iec t ror ;  and i s n  temperature, 
such an. a n a l y s i s  provides information about charged p a r t i c l e  
temperatures as w e l l  as d i s t r i b u t i o n s .  

The r e l a t i o n s h i p  between e l e c t r o n  dens i ty ,  e l e c t r o n  and ion 
temperature and r e l a t i v e  ion  concent ra t ion  can perhaps best be 

descr ibed i n  terms of the parameter "plasma s c a l e  he igh t . "  I n  
t h i s  paper w e  wish t o  def ine plasma s c a l e  he igh t  a s  t h e  negat ive 
r e c i p r o c a l  of t h e  normalized he ight  g rad ien t  of e l e c t r o n  dens i ty .  
Symbolically, t h i s  i s  
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where # is plasma scale height  and ne i s  e l e c t r o n  dens i ty .  
I n t e g r a t i o n  of Eq. (1) yie lds  

which, f o r  t h e  s p e c i a l  case & = constant ,  reduces t o  

z 
= no exp[- g] ( 3 )  

where z and h are both he igh t  va r i ab le s  and no is elec- 
t r o n  d e n s i t y  a t  a reference he igh t  def ined  by h = 0. 

W e  w i l l  show t h a t ,  for  a s t a t i s t i c a l l y  n e u t r a l  mixture of 

particles i n  d i f f u s i v e  

b Y  

# =  

equilibrium, plasma s c a l e  he igh t  is given 

Te + Ti 

Te' + Ti '  + <mi> g /k  (4) 

where Te and Ti are e l ec t ron  and ion  temperatures respec t -  
i ve ly ,  primes i n d i c a t e  de r iva t ives  w i t h  r e spec t  t o  he ight ,  
<mi> is  t h e  mean mass of a l l  ions prese~t? 9 is t h e  acce ler -  
a t i o n  of g r a v i t y  and k is Boltzmann's cons tan t .  Thus, using 
plasma scale he ight  p r o f i l e s  obtained from A l o i l e t t e  tcpside 
soundings, information can be obtained about e l e c t r o n  temper- 
a t u r e ,  ion  temperature and r e l a t i v e  ion  concent ra t ion  i n  t h e  
tops ide  ionosphere. 

It can be seen t h a t  f o r  t h e  case i n  which no he ight  grad- 
i e n t s  of temperature are present ,  Eq. (4)  reduces t o  a form 
which appears t o  be i n  very common usage today. As is  apparent 
by in spec t ion  of Eq. (4),  however, i f  s i g n i f i c a n t  he ight  grad- 
i e n t s  of temperature e x i s t ,  t h e i r  omission w i l l  l ead  t o  s e r i o u s  
errors i n  deduced values for e l e c t r o n  and ion  temperature. 

- 2 -  



Since December 4, 1962, s i g n a l s  from t h e  Alouet te  have 
been monitored on a rou t ine  basis by t h e  s a t e l l i t e  rece iv ing  
s t a t i o n  a t  the Radioscience Laboratory of  S tanford  Univers i ty ,  
D e t a i l s  of t h e  a c q u i s i t i o n  of t h e  te lemetered d a t a  by t h e  re-  
cording s t a t i o n  a r e  descr ibed i n  Thomas and Sader (1964).  The 
reduct ion  of t h e s e  d a t a  t o  e l e c t r o n  d e n s i t y  [N(h)] p r o f i l e s  is  
descr ibed  by Thomas, e t  a1 (1965a,b).  

The reduct ion of ionograms has been performed through a 
j o i n t  e f f o r t  of t h e  Space Sciences Div is ion  of A m e s  Research 
Center and Stanford Research I n s t i t u t e .  The format of each pro- 
f i l e  w a s  t h a t  of a t abu la t ion  of values  of electron dens i ty  a t  
he igh t s  of 1000 km, 950 km, 900 km, e tc . ,  down t o  the  l e v e l  o f  
maximum e l e c t r o n  dens i ty ,  below which no d a t a  w e r e  obtained. A s  

part  of t h e  same computer program, a corresponding t abu la t ion  of 
scale he ight  values  a t  the  same t r u e  he igh t s  was e a s i l y  obtained 
i n  accordance with t h e  d e f i n i t i o n  of Eq. (1). Published t a b l e s  
of these d a t a  are now i n  press  (Thomas, Rycroft  and Colin, 1965).  

Data were obtained for  t h e  per iods May-July 1963 and Nov- 
ember 1963 - January 1964 and these groups a r e  c a l l e d  "summer" 
and "winter"  respectively,  During each three-month per iod a 
compiete 2 l i G r s - l  - n ~ ~ f r i i r n  - of d a t a  was obta ined ,  Data obtained 
f o r  l o c a l  mean s a t e l l i t e  t i m e s  (LMT) between 23Uu ana U L ~ W W  w e r e  
considered "nighttime" data; data f o r  t h e  per iod  0800 LMT t o  
1700 LMT w e r e  classified a s  "daytime" da ta .  W e  w i l l  de r ive  Eq. 
(4)  and t h e  corresponding expressions f o r  t h e  d i s t r i b u t i o n s  of 

number d e n s i t i e s ,  af ter  which w e  w i l l  examine t h e  da t a  i n  d e t a i l .  

11. THEORY 

W e  a r e  here  considering t h e  t h e o r e t i c a l  d i s t r i b u t i o n  of ions  
and e l e c t r o n s  i n  t h e  region bounded by he igh t s  of  400 km and 900 

km, and d i p  l a t i t u d e s  of 48O and 78O North. 
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The following s implifying assumptions a r e  appropr ia te :  
1. The ionosphere cons is t s  e n t i r e l y  of n e u t r a l  p a r t i c l e s  and 

a s t a t i s t i c a l l y  n e u t r a l  mixture of electrons and s i n g l y  charged 
ions of oxygen (0  ) , helium (He+) , and hydrogen (H') . + 

2. The medium is i n  a s t a t e  of d i f f u s i v e  equi l ibr ium, thus  
d i f f u s i o n  is t h e  dominant process c o n t r o l l i n g  t h e  d i s t r i b u t i o n  
of e l e c t r o n s  and ions ,  and w e  can neglec t  t h e  e f f e c t  of pro- 
duct ion,  loss, and time de r iva t ives  of a l l  q u a n t i t i e s .  

3 .  The ionosphere i s  ho r i zon ta l ly  s t r a t i f i e d ,  i . e .  h o r i z o n t a l  
g rad ien t s  of  a l l  q u a n t i t i e s  are much smaller  than  v e r t i c a l  grad- 
i e n t s .  

4. There is  no n e t  t r anspor t  v e l o c i t y  a s soc ia t ed  with any 
spec ies .  

5. I n  any small region of space, a l l  ions  are i n  thermal 
equi l ibr ium among themselves. 

For condi t ions  such as these ,  i n  which t h e r e  i s  no pro- 
duc t ion  or loss, t h e  equi l ibr ium d i s t r i b u t i o n  of any species can 
be obtained by forming a balance of a l l  fo rces  p re sen t .  
t h i s  case t h e  appropr ia te  fo rce  equat ion f o r  each spec ie s  i s  ob- 

t a i ~ e d  +lv balancina t h e  pressure g rad ien t  a g a i n s t  a l l  o t h e r  

fo rces ,  a s :  

For 

d 

- 
v p  = nqE + (5) 

where 

p = nkT ( 6) 

H e r e  p i s  
i s  p a r t i c l e  
F accounts 
- 

t h e  p a r t i a l  p ressure  of  any spec ie s  of p a r t i c l e ,  T 

temperature, E i s  any e lec t r ic  f i e l d  present ,  and 
f o r  a l l  non-coulomb forces  present .  I n  t h e  case of 

- 

- 
a r o t a t i n g  e a r t h ,  
forces ,  bu t  f o r  a l t i t u d e s  less than  1000 km, it can be e a s i l y  
shown t h a t  t h e  cen t r i fuga l  force is neg l ig ib l e ,  and Eq. (5)  may 
be expressed as 

F i s  t h e  sum of g r a v i t a t i o n a l  and c e n t r i f u g a l  
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* - nqE - nmg dh - 

where h i s  a coordinate  in t h e  r a d i a l  d i r e c t i o n .  

Combining Eqs. (6)  and ( 7 ) ,  w e  have: 

f o r  e l ec t rons ,  and: 

d - dh (nikT.) 1 = - " p i g  + ni lqJE ( 9 )  

f o r  each ion  species. 

Performing t h e  d i f f e r e n t i a t i o n  on (8) and (9),  we have: 

dTe kTe ZF + kne dne 
= - n e e  m g - n e lq lE  

dni dTi 
kTi  -i- kzi - - - n.m.9 + n ; l q \ E  

1 i  A I  I 

Summing (11) over a l l  ions, w e  have 

d dTi 
kTi Cni + k - dh Cn i i = - C n.m. 1 1  g + i ni PIE (12) 

i 

s ince ,  by assumption (5), a l l  ions  have the same temperature. 
Noting t h a t  ne = C ni, mi>>me f o r  any ion, and de f in ing  mean 
i o n i c  mass as i 

3 nimi 
n e 

<mi> = Y 
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w e  can add E q s .  (10) and (12)  and o b t a i n  

d 
+ k n e  (Te + T . )  = - n <mi> g 

k ( T e  + Ti) dne 
1 e 

Solving for -ne/ne', w e  e a s i l y  o b t a i n  E q .  ( 4 ) .  I n t e g r a t i n g  
E q .  (9)  from h = 0 t o  h = z ,  w e  o b t a i n  

n T  Z 

n . ( z )  1 
= -k?# exp [s 0 

(14) 

From E q .  (14) w e  can express the f r a c t i o n a l  propor t ion  of any 
cons t i t uen t  as; 

where a l l  common f a c t o r s  have been removed. Mean i o n i c  m a s s  can 
now be expressed as; 

From E q s .  (15) and (16) w e  see t h a t  bo th  pi and <mi> a re  
independent of electron temperature. 
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111. OBSERVATIONS OF THE DATA 

The Stanford s t a t i o n  does not  have a command c a p a b i l i t y  and 
thus  can ob ta in  data only when the sounder i s  commanded on by 
c e r t a i n  nearby command s t a t i o n s .  I n  add i t ion ,  t h e  sounder i s  
not  commanded on e s p e c i a l l y  for t h e  b e n e f i t  of t h e  Stanford re- 
ce iv ing  s t a t i o n .  The s t a t i o n s  providing t h e  most advantageous 
commands a r e  College, Alaska and Grand Forks, Minnesota. The 
geographic loca t ion  of these s t a t i o n s  tended t o  concent ra te  m o s t  
of t h e  d a t a  a c q u i s i t i o n  t o  t h e  h igher  l a t i t u d e s ,  i .e.  from 48O 
d i p  l a t i t u d e  t o  7 8 O  d i p  l a t i t u d e .  

T h e  he ight  l i m i t s  a r e  se t  by o the r  cons idera t ions .  Consider- 
a t i o n  of t h e  da t a  is  l imi ted  t o  he ights  g r e a t e r  than  100 km above 
t h e  i o n i z a t i o n  maximum i n  order  t o  avoid the complicating effects 
of recombination. Reasonable l o w e r  l i m i t s  were s e t  a t  400 km for 
both  summer and w i n t e r  r e s u l t s .  The upper l i m i t  i n  he ight  is set  
by practical  problems. I n  t h e  v i c i n i t y  of t h e  s a t e l l i t e  t h e  
v i r t u a l  depth of the s i g n a l  pene t r a t ion  increases  very r ap id ly  
wi th  a small  increase  i n  sounding frequency. The r e s u l t  is  t h a t  
t h e  ionogram t r a c e  has a very s t e e p  g rad ien t  i n  t h e  v i c i n i t y  of 
the s a t e l l i t e ,  sc! s t e e p  t h a t  it becomes d i f f i c u l t  t o  s c a l e  v i s -  
u a l l y .  Paul and Wright (1964) have examined t h i s  problem and 
have shown $hat t h e  ionogram t r a c e  approaches an i n f i n i t e  grad- 
i e n t  a t  the  s a t e l l i t e ,  t h u s  making t h e  records d i f f i c u l t  t o  in-  
terpret. The scale height  p r o f i l e s  w e  have analysed have shown 
t h e  effect  of t h i s  problem, being reasonably c o n s i s t e n t  up t o  
850 km o r  900 km, and showing randomly e r r a t i c  behavior above 
the re ,  thus determining our upper l i m i t  of 900 k m .  

I n  general ,  da t a  acquired during t h e  summer per iod w e r e  more 
p l e n t i f u l  and of higher  q u a l i t y  than t h e  win ter  da t a .  T h i s  w a s  

t r u e  e s p e c i a l l y  of nighttime passages. There w e r e  more passages 
a c t u a l l y  recorded i n  t h e  summer per iod than  i n  the winter ,  and 
t h e  percentage of nighttime recordings was higher  i n  the  summer 
than  i n  the  win ter .  On many of the  ionograms t h e  plasma fre- 
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quency a t  t h e  vehic le  could not  be determined due t o  noise  o r  
o the r  e f f e c t s .  The n e t  r e s u l t  was t h a t  the accuracy of t h e  
winter night t ime ana lys i s  s u f f e r s  t o  some e x t e n t  from i n s u f f i c -  
i e n t  da t a .  

Figure 1 is a p l o t  of  scale he ight  as a func t ion  of he igh t  
a t  a series of l a t i t u d e s  obtained from a t y p i c a l  night t ime 
passage, The d a t a  a r e  t y p i c a l  f o r  per iods from 2300 t o  0400 LMT 

and for both summer and w i n t e r  records.  Each curve, o r  # pro- 
f i l e ,  i s  a s soc ia t ed  with a c e r t a i n  l a t i t u d e  and is a c t u a l l y  an 
average of a l l  p r o f i l e s  occurring wi th in  f1.5 degrees of t h a t  
l a t i t u d e .  

Figure 2 represents  data  from a passage occurr ing  June 10, 

1963, from 1130 t o  1250 LMT. It is t y p i c a l ,  however, of day- 
t i m e  (0800-1700 LMT) d a t a  f o r  both sumner and 1dinte.r; Only two 
p r o f i l e s  a r e  p l o t t e d  because, a t  l e a s t  between 450 km and 850 km, 
v i r t u a l l y  a l l  t h e  d a t a  occurred wi th in  t h e  narrow region indicated 
by t h e  do t t ed  l i n e s .  

Figures  3 and 4 emphasize t h e  d i f f e rence  i n  d i u r n a l  v a r i a t i o n  
a t  two d i f f e r e n t  l a t i t u d e s  f o r  summer and win ter  r e spec t ive ly .  
Each curve is  obtained by averaging t h e  d a t a  from 15 o r  more pass- 
ages.  The daytime curves reprzaent the average of a l l  d a t a  re- 
corded from 0800 t o  1700 LMT. The night t ime curves r ep resen t  t h e  
average of a l l  da t a  recorded from 2300 t o  0400 LMT. I t  can be 

seen  from t h e  f i g u r e  t h a t  d i u r n a l  v a r i a t i o n  is  s t r o n g l y  dependent 
on l a t i t u d e .  

Figures 5 and 6 i l l u s t r a t e  t h e  v a r i a t i o n s  of daytime s c a l e  
he igh t s  with l a t i t u d e  for summer and win ter  r e spec t ive ly .  Each 

o f  t hese  p l o t s  w a s  obtained from t h e  average of a series (15 t o  
20) of passages occurring between 0800 and 1700 LMT. The summer 
p r o f i l e s  are seen t o  increase s l i g h t l y  with l a t i t u d e  a t  a l l  a l -  
t i t u d e s ,  while t h e  winter p r o f i l e s  a r e  nea r ly  independent of l a t -  
i t u d e  a t  500 km and decrease with l a t i t u d e  a t  t h e  h igher  l a t i t u d e s .  
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Figures 7 and 8 i l l u s t r a t e  t h e  v a r i a t i o n s  of night t ime 
s c a l e  he ights  with l a t i t ude  f o r  summer and win ter  r e spec t ive ly .  
These p l o t s  were obtained by averaging t h e  data from a series 
of passages occurr ing  between 2300 and 0400 LMT. The l a t i t u d -  
i n a l  v a r i a t i o n  suggested by Fig. 1 i s  apparent  here  a l s o .  

Nearly a l l  t h e  Figs.  1-8 show t h e  e f f e c t s  of t h e  presence 
of an i o n i z a t i o n  maximum. Most of t h e  p r o f i l e s  tend t o  inc rease  
with decreasing a l t i t u d e  below about 400 km. I n  t h e  l a t t e r  p a r t  
of  t h i s  paper it i s  convenient t o  approximate daytime plasma 
scale he ight  p r o f i l e s  with a s t r a i g h t  l i n e .  I n  t h i s  case w e  
w i l l  l i m i t  our  considerat ion of t h e  data t o  t h e  reg ion  above 
500 km. 

I V .  INTERPRETATION OF RESULTS 

The r e s u l t s  of Brace, e t  a1 (1963),  Evans and Loewenthal 
(1964) and o t h e r s  suggest  t h a t  mid la t i t ude  night t ime temperature 
g rad ien t s  are s m a l l .  For t h i s  s i t u a t i o n ,  a f i rs t  order  approx- 
imation t o  Eq. (4)  becomes 

s i n c e  i n  t h i s  case 

Figure 9 i l l u s t r a t e s  an isothermal s o l u t i o n  t o  Eq. (24) corre-  
sponding t o  t h e  summer nighttime scale p r o f i l e  occur r ing  a t  48 
deg, shown i n  Fig. 3 .  It can be e a s i l y  v e r i f i e d  t h a t  t h e  dis-  

t r i b u t i o n  of Fig. 9 y ie lds  a s c a l e  he igh t  p r o f i l e  which agrees  
with t h e  experimental  p r o f i l e  w i th in  4% a t  any he ight .  
de f ine  t h e  t r a n s i t i o n  leve l  by t h e  condi t ion  t h a t  P ( O  ) = 50%, 

I f  w e  
+ 
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it may be seen t h a t ,  i n  the v i c i n i t y  of t h e  t r a n s i t i o n  l e v e l ,  
i .e. 550 km, t h a t  <mi> does indeed vary  q u i t e  rap id ly ,  so 
r a p i d l y  i n  f a c t  t h a t  v a r i a t i o n s  i n  scale he igh t  must  be due a l -  
m o s t  e n t i r e l y  t o  v a r i a t i o n s  i n  <mi>, a s  suggested by Eq. (26 ) .  
I n  addi t ion ,  it may be seen  t h a t  as l i t t l e  as 200 k m  below t h e  
t r a n s i t i o n  l eve l ,  0' so completely dominates t h e  mixture, t h e  
assumption may be made, w i t h  l i t t l e  e r r o r ,  t h a t  t h e  only ions 
p re sen t  a r e  O+. Fina l ly ,  cons idera t ion  of experimental  va lues  
of s c a l e  he igh t  and reasonable values  of temperatures i n d i c a t e s  
t ha t  t h e  t r a n s i t i o n  must indeed be f r o m  0' t o  l i g h t e r  ions.  

It is  e a s i l y  shown t h a t  a s i m i l a r  a n a l y s i s  may be performed 
on t h e  winter  night t ime s c a l e  he igh t  p r o f i l e  a t  48 deg as shown 
i n  Fig. 4, y i e l d i n g  s imi l a r  temperature and d i s t r i b u t i o n  r e s u l t s ,  
wi th  a t r a n s i t i o n  l e v e l  a t  about 500 k m .  

A.  VARIATIONS O F  THE TRANSITION LEVEL 

W e  have seen t h a t  t h e  d e f l e c t i o n  of an experimental  scale 
he igh t  p r o f i l e  i d e n t i f i e s  a t r a n s i t i o n  from 0' t o  He + and/or 
H+ ions.  
can be determined t o  within an accuracy of ,  perhaps, 
It is  now convenient t o  attempt t o  describe t h i s  t r a n s i t i o n  l e v e l  
i n  a d i f f e r e n t  manner than previous ly  used. 

W e  have estimated t h a t  t h e  he igh t  of t h i s  t r a n s i t i o n  
f25  km. 

Since a t r a n s i t i o n  i s  def ined  by the condi t ion  P(O+)  = 50"/0, 
t hen  a t  t h e  t r a n s i t i o n  l e v e l  f o r  any a r b i t r a r y  concent ra t ions  of 

+ and Hf, <mi> must l i e  between 8.5 amu and 10 amu, I f  He 
temperature g rad ien t s  a r e  no t  t oo  l a r g e  w e  can say  t h a t  t r a n s -  
i t i o n  corresponds approximately t o  t h e  condi t ions;  

hT fil 200 km + hmin 
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where hT i s  the t r a n s i t i o n  l e v e l  and hmin is  a h e i g h t  b e l o w  
which @ v a r i a t i o n s  are small. Obviously t h e  a p p l i c a t i o n  of 
condi t ions  (18), (19), and ( 2 0 )  r equ i r e s  some judgement b u t  it 
is  e a s i l y  v e r i f i e d  t ha t  a plasma scale he igh t  p r o f i l e  i n  t h e  
v i c i n i t y  of a t r a n s i t i o n  does s a t i s f y  these  condi t ions  and t h a t  
conversely,  only a sha rp ly  d e f l e c t i n g  plasma s c a l e  he igh t  p r o f i l e  
can s a t i s f y  these  conditions.  F ina l ly ,  it can be argued tha t  

such a d e f l e c t i o n  can a r i s e  only  from an ion  t r a n s i t i o n  or from 
unacceptably l a r g e  l o c a l  temperature g rad ien t s .  It can thus  be 

reasoned t h a t  t h e  successfu l  a p p l i c a t i o n  o f  condi t ions  (18), (19) 

ard ( 2 0 )  t o  any plasma sca l e  he igh t  p r o f i l e  does indeed e s t a b l i s h  
and l o c a t e  a t r a n s i t i o n .  

When t h e s e  condi t ions  w e r e  appl ied  t o  each plasma s c a l e  
he igh t  p r o f i l e  f o r  each s a t e l l i t e  passage, and t h e  r e s u l t i n g  
t r a n s i t i o n  he igh t  for each p r o f i l e  p l o t t e d  a g a i n s t  the l a t i t u d e  
a t  which it occurred, i t  was s e e n  t h a t  i n  a l l  cases  t h e  r e s u l t i n g  
p lo t  showed a monotonic increase with l a t i t u d e .  I n  Fig.  10 w e  
have shown the r e s u l t s  ~f drawing a smooth curve through values  
of  t r a n s i t i o n  l e v e l  which were obtained a t  t h r e e  degree l a t i t u d e  
i n t e r v a l s  by averaging the r e s u l t s  of a series of summer passages 
and a series of winter  passages. These curves have a l s o  been 
p l o t t e d  as dashed l i n e s  i n  Figs.  7 and 8. 

There are t w o  o t h e r  important conclusions w e  can draw from 
the  curves i n  Fig. 10. F i r s t ,  as pointed o u t  e a r l i e r ,  t h e  re- 
l a t i v e  ion  concentrat ion i s  independent o f  e l e c t r o n  temperature. 
The curves i n d i c a t e  therefore ,  t h a t  ion  temperature increases  
with increas ing  l a t i t u d e .  Second, a t  depths a s  small  as 200 km 
below t h e  t r a n s i t i o n  leve l ,  0' concent ra t ion  completely dom- 
i n a t e s ,  so t h a t  a t  higher l a t i t u d e s  v a r i a t i o n s  i n  s c a l e  he igh t  
must be due almost e n t i r e l y  t o  temperature e f f e c t s .  
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using t h e  same method we can s tudy  the v a r i a t i o n  of  t r ans -  
i t i o n  l e v e l  with t i m e .  Figure 11 shows a p lo t  of t r a n s i t i o n  
l e v e l  a s  a func t ion  of time f o r  a l l  profiles obtained a t  48k 1.5 
deg d i p  l a t i t u d e .  The t rend of  v a r i a t i o n  of  t h e  t r a n s i t i o n  l e v e l  
suggested by Fig. 11 is t h a t  t h e  l e v e l  rises r a t h e r  qu ick ly  a t  
dawn, descends quick ly  a t  sunset,  and remains f a i r l y  cons tan t  
through m o s t  of t h e  n igh t .  One should be caut ious  about attempt- 
ing t o  draw q u a n t i t a t i v e  conclusions from t h e  curve s i n c e  a t  sun- 
rise and sunset ,  n e i t h e r  t i m e  d e r i v a t i v e s  nor t r a n s p o r t  v e l o c i t i e s  
a r e  l i k e l y  t o  be negl ig ib le ,  bu t  t h e  evidence t h a t  t h e  t r a n s i t i o n  
l e v e l  i s  higher  by day than by n igh t  is q u i t e  s t rong .  I f  w e  
assume t h a t  t h e  daytime t r a n s i t i o n  l e v e l  i s  a t  least  a s  high a s  
1000 km, then the approximation can be made t h a t  t h e  ion  composi- 
t i o n  i n  t h e  region below 800 k m  is only  
changes i n  daytime scale height  e n t i r e l y  i n  terms of electror: 
temperature and ion  temperature. 

O+, and w e  can i n t e r p r e t  

B. THE 0' APPROXIMATION 

Within the 0' region, i .e . ,  more than  200 km b e l o w  t h e  
t r a n s i t i o n  l eve l ,  w e  can make t h e  approximation.-that mean i o n i c  
mass i s  cons tan t  a t  a value of 16 a m .  Scale he igh t  v a r i a t i o n s  
can thus  be i n t e r p r e t e d  e n t i r e l y  i n  terms of temperature var- 
i a t i o n s .  

As a mat te r  of convenience, then, w e  in t roduce  t h e  def in-  
i t i o n  

so t h a t ,  upon neglec t ing  t h e  small v a r i a t i o n  i n  g r a v i t y ,  w e  can  
express  Eq. (4)  as 

H 
kl= 1 H '  + z 
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4 

It may be seen from Figs.  3, 4, 5, and 6 t h a t  t h e  daytime and 
high l a t i t u d e  night t ime da ta  are q u i t e  l i n e a r  with he ight ,  a t  
l e a s t  above 500 km. On t h i s  basis w e  approximate any such pro- 
f i l e  with a s t r a i g h t  l i n e  form; i .e.  

# = a + b z  (23) 

where a and b are obtained from t h e  d a t a  and z = 0 a t  
500 km. For example, t h e  Day (48  deg) p r o f i l e  of Fig. 3 i s  
given approximately by p5/ = 185 + 0.52. 

Equation ( 2 2 )  can now be expressed a s  

for which a s o l u t i o n  is 

where C is an  a r b i t r a r y  cons tan t .  

To determine va lues  f o r  Te and Ti from Eq. \ad,, l q q \  we can 
appeal  t o  t h e  t h e o r e t i c a l  work of Hanson (1963) and G e i s l e r  and 
Bowhill (1965) and t h e  experimental r e s u l t s  of Evans and Loewen- 
t h a l  (1964). Following the r e s u l t s  of  t h e s e  workers w e  assume 
t h a t  Te is  isothermal  and t h a t  Ti i nc reases  w i t h  he ight ,  
approaching 

I 

as an upper l i m i t  such t h a t  Ti(800) = 0 and Te 
Ti(800) = T e '  

These condi t ions  provide t h e  boundaries needed t o  so lve  Eqs. 
(23) and ( 2 5 )  f o r  values  of Te and Ti. For t h e  s c a l e  h e i g h t s  
shown i n  Figs .  5 through 8, t h e  corresponding s o l u t i o n s  f o r  
and Ti are shown i n  Figs .  1 2  through 15 respec t ive ly .  

Te 

E s t i m a t e s  of midlat i tude night t ime temperatures w e r e  ob- 
t a i n e d  on t h e  assumption t h a t  e l e c t r o n  and ion  temperatures were 
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equal  and isothermal.  Estimates of high l a t i t u d e  night t ime 
temperatures are here obtained on t h e  assumption tha t  mean i o n i c  
m a s s  i s  independent of  height .  I n  t h e  l a t i t u d e  reg ion  between 
48 deg and 6 3  deg, however, n e i t h e r  assumption is l i k e l y  t o  be 

appropr ia te .  For t h i s  reason t h e  s o l u t i o n s  obta ined  i n  t h e  two 
regions have been connected with smooth dashed l i n e s  a s  shown i n  
Figs .  14 and 15, where the temperatures a t  48 deg are c o n s i s t e n t  
with t h e  48 deg night t ime p r o f i l e s  of  Figs. 3 and 4 ,  

A comparison of Figs .  14 and 15 shows t h a t  f o r  both summer 
and winter  night t ime conditions,  temperatures appear t o  increase  
wi th  increas ing  l a t i t u d e ,  reaching a maximum a t  between 65 deg 
and 70 deg l a t i t u d e ,  although summer temperatures appear t o  be 

a b i t  higher .  
may not  be genuine. The  winter d a t a  i n  t h i s  reg ion  w a s  r a t h e r  
sparse, and it is e n t i r e l y  poss ib l e  t h a t  t h e  i n d i c a t i o n  of an- 
o t h e r  temperature increase  no r th  of 72 deg might be caused by 
an increas ing  r a t i o  of l i g h t e r  ions  to  

The apparent trough i n  the  w i n t e r  temperatures 

0' ions  i n  t h i s  region,  

A downward f l u x  of ene rge t i c  p a r t i c l e s  f r o m  sources  such a s  
t h e  solar wind or t h e  Van Al len  B e l t s  might account fo r  t h i s ,  

although it seems that  p a r t i c l e s  depos i t ing  apprec iab le  energy 
at these al t i tudes  would have t o  be of f a i r l y  low energy. Thus 

far,  t h e  measurement of ene rge t i c  p a r t i c l e  f luxes  appears t o  
have been l i m i t e d  t o  p a r t i c l e s  with energ ies  g r e a t e r  than about 
40 kev. 

From pure ly  geometric cons idera t ions ,  t h e  reg ion  above about 
6 5  deg l a t i t u d e  is  s u n l i t  nea r ly  a l l  n igh t  during the summer 
period. The summer night  high l a t i t u d e  temperatures a r e  thus  
l i k e l y  t o  be t h e  r e s u l t  of bo th  s o l a r  f l u x  and whatever hea t ing  
mechanism is  producing t h e  win ter  condi t ions.  Such an assump- 
t i o n  would exp la in  both the  h igher  temperatures during the  
summer, and a lso t h e  f a c t  t h a t  the temperature peaks occur a t  
about 5 deg h igher  l a t i t u d e  i n  t h e  summer than  i n  the w i n t e r ,  
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V. CONCLUSIONS 

Under t h e  assumption t h a t  the tops ide  ionosphere i s  i n  a 
s ta te  of d i f f u s i v e  equilibrium, the  measured parameter scale 
he igh t  bears a simple r e l a t i o n s h i p  t o  t h e  electron temperature, 
ion  temperature and relat ive ion  concentrat ion.  

A mid la t i tude  nighttime t r a n s i t i o n  from 0' ions  t o  
l i g h t e r  ( i .e . ,  He+, 

i n  the summer and 500 km i n  t h e  winter .  The  accuracy of t h i s  

determinat ion is est imated t o  be f25  km. The t r a n s i t i o n  i s  
shown t o  be c h a r a c t e r i s t i c a l l y  narrow, such t h a t ,  as l i t t l e  as 
200 km below t h e  t r a n s i t i o n ,  it is  a reasonable approximation 
t h a t  the only  ions present  are 0'. Using t h i s  approximation, 
t h e  daytime and t h e  h igh  l a t i t u d e  night t ime scale he ignt  var- 
i a t i o n s  are i n t e r p r e t e d  i n  t e r m s  of temperature v a r i a t i o n s .  

H') ions is  shown t o  e x i s t  a t  about 550 km 

Daytime temperatures f o r  bo th  summer and win ter  are ob- 

served  t o  vary only s l i g h t l y  with l a t i t u d e ,  while t h e  more pro- 
nounced he igh t  v a r i a t i o n s  a r e  seen  to  agree reasonably w e l l  
w i t h  t h e  t h e o r e t i c a l  r e s u l t s  of Hanson (1963) and G e i s l e r  and 
B o ~ h i . 1 1  (1965) . 

Nighttime temperatures f o r  both summer and win ter  show a 
much g r e a t e r  l a t i t u d i n a l  e f f e c t ,  w i t h  both a f a i r l y  s h a r p  peak 
and a pronounced upward gradien t  a t  about 65-70 deg d i p  l a t -  
i t ude ,  suggest ing a s i g n i f i c a n t  source of h e a t  energy i n  t h i s  

region.  
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FIGURF: CAPTIOXS 

Fig. 1. Experimental results from a typical nighttime passage 
showing scale height [#(h)] profiles at a series of 
dip latitudes, and illustrating the variation of the 
profiles with latitude, Data obtained from Passage 
No, 3346, 0200-0330 LMT, June 1, 1963, 

Fig. 2. Experimental results from a typical daytime passage 
showing scale height [Mh) ] profiles at two widely 
separated dip latitudes, and illustrating the con- 
sistency of the daytime results, A l l  the data for 
the entire passage, if plotted, would lie..between the 
dotted lines, Data obtained from Passage No, 3474, 
1140-1250 LMT, June 10, 1963, 

Fig , 3, Comparison of daytime and nighttime scale height 
[#(h)] profiles at two widely spaced dip latitudes 
showing the contrast at the lower latitudes and the 
similarity at the high latitudes, Each curve repre- 
sents the average of data from at least 15 passages 
occurring May - July 1963, 

Fig. 4. Comparison of daytime and nighttime scale height #(h) 
profiles at two widely spaced dip latitudes showing 
the contrast at the lower latitudes and the similarity 
at the high latitudes, Each curve represents the 
average of data from at least 15 passages occurring 
November 1963 - January 1964, 

Fig. 5, Summer daytime scale height as a function of di= la t -  
itude at several altitudes, Each cxrve represents the 
average of data obtained from at least 15 passages 
occurring between 0800 and 1700 LMT. May - July 1963, 

Fig. 6, Winter daytime scale height as a function of dip lat- 
itude at several altitudes, Each curve represents 
the average of data obtained from at least 15 passages 
occurring betweer_ 0800 and 1700 LMT. November 1963 - 
January 19 64 , 

Fig. 7, Summer nighttime scale height as a function of dip lat- 
itude at a series of altitudes. Each curve represents 
the average of data obtained from at least 15 passages 
occurring between 2300 and 0400 LMT. The dotted line 
represents the transition level (Of - He+, 
July 1963, 

Hf) ~ May - 
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Fig. 8, Winter nighttime scale height as a function of dip 
latitude at a series of altitudes. Each curve repre- 
sents the average of data obtained from at least 15 
passages occurring between 2300 and 0400 LMT. 

H+) . 
functions of height for an ionosphsre in which 
T = Ti = 928OK and percentage concentrations at 
550 km are specified as % (O+) = 50%, % (He+) = 32%, 
% (H') = 18%. 

The + 

dotted line represents the transition level (0' -He 9 

November 1963 - January 1964. 
Fig. 9. Percentage compositions of O+, H +, and H' as 

Fig. 10. Nighttime transition level as a function of latitude 
for summer (May - July 1963) and winter (November 1963 - 
January 1964). Transition level is defined as the 
height at which the percentage concentration of 
is 50%- Each curve is obtained from the average data 
from at least 15 passages occurring between 2300 LMT 
and 0400 LMT; 

0' 

Fig, 11. Transition level at 48 deg dip latitude as a function 
of time for summer (May - July 1963) and winter (Nov- 
ember 1963 - January 1964) ,, Transition level is de- 
fined as t e height at which t5e percentage concentra- 
tion of 0' is 50%. 
represent incomplete data, 

The dotted portions of the curves 

Fig. 12. Electron and ion temperatures as functions of dip 
latitude for daytime summer (May - July 1963). Elec- 
tron temperature is assumed everywhere independent of 
height and is represented by the 800 km curve. Ion 
temperatures are shown at four heights arid T = T: 
at 800 km, e 1 

Fig. 13. Electron and ion temperatures as functions of dip 
latitude for daytime winter (November 1963 - January 
1964) Electron temperature is assumed everywhere 
independent of height and is represented by the 800 
km curve; ion temperatures are shown at four heights 
and Te = Ti at 800 km, 

latitude for nighttime summer (May - July 1963), 
Electron temperature is assumed everywhere independent 
of height and is represented by the 800 km curve. Ion 
temperatures are shown at four heights and Te = Ti at 800 km, Below 63 deg dip latitude, temperatures 
are represented approximately by the dotted extensions 
to the curves. 

Fig. 14, Electron and ion temperatures as functions of dip 
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Fig. 15. Electron and ion temperatures as functions of dip 
latitude for nighttime winter (November 1963 - Jan- 
uary 1964). Electron temperature is assumed every- 
where independent of height and is represented by the 
800 km curve. Ion temperatures are shown at three 
heights and T = Ti at 800 km, Below the 63 deg 
dip latitude, temperatures are represented approx- 
imately by the dotted extensions to the curves. 
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